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WT24x55
American Institute of Steel Construction/ASTM standard abbreviation for a wide flange beam of cross section 24 in. flange and 55 in. web.
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xiii GLOSSARY active fire protection -A means to help prevent the loss of life and property from fire by extinguishing, suppressing, or controlling a fire through functional systems. Sprinkler systems, fire alarm systems, and smoke control systems are examples of active fire protection.
area of refuge -A floor area to which egress is made through a horizontal exit or supplemental vertical exit.
combustible -A material that is not determined to be noncombustible.
damper -A device installed in heating, ventilating, and air conditioning ductwork used to prevent the spread of fire and/or smoke. Dampers are provided to maintain a fire resistance rating of the assembly being penetrated.
detector -An initiation device that automatically detects a change in state, such as presence of smoke, high temperature, or abnormal rate of temperature rise.
fire alarm system -A system, automatic or manual, arranged to give a signal indicating a fire emergency and initiate the appropriate response.
fire resistance rating -The time in hours that materials or their assemblies will withstand fire exposure as determined by a fire test.
fireproofing -Materials or assemblies used to provide a fire resistance rating to a building component.
firestop -A solid or compact, tight closure to retard the spread of flames or hot gases within concealed spaces.
initiation device -A system component that originates a change-in-state signal in the fire alarm system. An initiation device begins the life safety processes, such as evacuation; heating, ventilating, and air conditioning shut down; elevator recall, etc.
manual fire alarm box -A manually operated initiation device that originates a change-in-state signal in the fire alarm system. means of egress -A continuous and unobstructed path of vertical and horizontal travel from any point in a building to a public way. The means of egress consist of the exit access, the exit, and the exit discharge.
noncombustible -A material that, in the form in which it is used in construction, will not ignite and burn when subjected to fire. However, any material which liberates flammable gas when heated to any temperature up to 1,380 ºF for 5 min shall not be considered noncombustible.
notification appliance -A fire alarm system component such as a bell, horn, speaker, or strobe that provides audible, tactile, or visible outputs, or any combination thereof. The goals of the investigation of the WTC disaster were:
• To investigate the building construction, the materials used, and the technical conditions that contributed to the outcome of the WTC disaster.
• To serve as the basis for:
− Improvements in the way buildings are designed, constructed, maintained, and used;
− Improved tools and guidance for industry and safety officials;
− Recommended revisions to current codes, standards, and practices; and − Improved public safety.
The specific objectives were:
1. Determine why and how WTC 1 and WTC 2 collapsed following the initial impacts of the aircraft and why and how WTC 7 collapsed; 2. Determine why the injuries and fatalities were so high or low depending on location, including all technical aspects of fire protection, occupant behavior, evacuation, and emergency response;
3. Determine what procedures and practices were used in the design, construction, operation, and maintenance of WTC 1, 2, and 7; and 4. Identify, as specifically as possible, areas in current building and fire codes, standards, and practices that warrant revision. 
National Construction Safety Team Advisory Committee
The NIST Director also established an advisory committee as mandated under the National Construction Safety Team Act. The initial members of the committee were appointed following a public solicitation. These were:
• Paul Fitzgerald, Executive Vice President (retired) FM Global, National Construction Safety Team Advisory Committee Chair
• John Barsom, President, Barsom Consulting, Ltd.
• John Bryan, Professor Emeritus, University of Maryland
• David Collins, President, The Preview Group, Inc.
• Glenn Corbett, Professor, John Jay College of Criminal Justice
• Philip DiNenno, President, Hughes Associates, Inc. 
Public Outreach
During the course of this Investigation, NIST held public briefings and meetings (listed in Table P -2) to solicit input from the public, present preliminary findings, and obtain comments on the direction and progress of the Investigation from the public and the Advisory Committee.
NIST maintained a publicly accessible Web site during this Investigation at http://wtc.nist.gov. The site contained extensive information on the background and progress of the Investigation.
NIST's WTC Public-Private Response Plan
The collapse of the WTC buildings has led to broad reexamination of how tall buildings are designed, constructed, maintained, and used, especially with regard to major events such as fires, natural disasters, and terrorist attacks. Reflecting the enhanced interest in effecting necessary change, NIST, with support from Congress and the Administration, has put in place a program, the goal of which is to develop and implement the standards, technology, and practices needed for cost-effective improvements to the safety and security of buildings and building occupants, including evacuation, emergency response procedures, and threat mitigation.
The strategy to meet this goal is a three-part NIST-led public-private response program that includes:
• A federal building and fire safety investigation to study the most probable factors that contributed to post-aircraft impact collapse of the WTC towers and the 47-story WTC 7 building, and the associated evacuation and emergency response experience.
• A research and development (R&D) program to (a) facilitate the implementation of recommendations resulting from the WTC Investigation, and (b) provide the technical basis for cost-effective improvements to national building and fire codes, standards, and practices that enhance the safety of buildings, their occupants, and emergency responders.
• A dissemination and technical assistance program (DTAP) to (a) engage leaders of the construction and building community in ensuring timely adoption and widespread use of proposed changes to practices, standards, and codes resulting from the WTC Investigation and the R&D program, and (b) provide practical guidance and tools to better prepare facility owners, contractors, architects, engineers, emergency responders, and regulatory authorities to respond to future disasters.
The desired outcomes are to make buildings, occupants, and first responders safer in future disaster events.
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National Construction Safety Team Reports on the WTC Investigation
A draft of the final report on the collapses of the WTC towers is being issued as NIST NCSTAR 1. A companion report on the collapse of WTC 7 is being issued as NIST NCSTAR 1A. The present report is one of a set that provides more detailed documentation of the Investigation findings and the means by which these technical results were achieved. As such, it is part of the archival record of this Investigation. The fire protection and life safety systems were modified to accommodate new tenant layouts. As walls were removed, added, and relocated, the requirements for the fire protection and life safety systems changed. As wall layouts were modified, fire sprinkler and fire alarm devices were relocated. Fire and smoke dampers were installed as required by the Building Code of the City of New York (BCNYC). Life safety requirements of the BCNYC, such as travel distance requirements, were analyzed. A list is provided of the tenant alterations that modified the fire protection and life safety systems.
Most of the structural modifications were done to accommodate tenant requirements. Horizontal members of the floor framing system were strengthened due to increased loading from high-density files. Strengthening of these beams and girders was achieved by welding cover plates to the bottom flanges, the underside of the top flanges, or both. In some cases, new beams were introduced to carry a portion of the new load.
Floor slabs were completely removed on the east side of the building to accommodate trading floors for Salomon Brothers, Inc., but were subsequently replaced when the trading floors were moved to another location. Columns in this area, which had twice the unsupported length after the slab removal, were reinforced. Other openings were cut into a few floor levels to accommodate new stairways connecting adjoining floors.
Web openings were cut through some beams and girders to allow passage of ductility work. In some cases, the beams or girders had to be reinforced in order to increase capacity. 
FIRE PROTECTION AND LIFE SAFETY
Tenant alteration projects included modifications of the fire protection and life safety systems within WTC 7. Tenant spaces were modified to accommodate new floor layouts as tenants moved in and out. New wall layouts, changed occupancy use, and mission continuity objectives in tenant spaces introduced different code requirements.
Tenant alterations performed in WTC 7 included typical business occupancy modifications to the fire protection and life safety systems. A typical office alteration included rearranging walls to accommodate the desired layout of the tenant while maintaining proper fire separations and divisions from other tenants within the building. Fire and smoke dampers were installed in the heating, ventilating, and air conditioning systems where penetrations of fire rated walls occurred. The base building wet pipe sprinkler system was modified by the addition and/or relocation of sprinkler heads and branchlines in the tenant space as called for in National Fire Protection Association (NFPA) 13 and the Building Code of the City of New York (BCNYC) requirements for minimum spacing from these walls. Hydraulic calculations were performed to justify the pipe sizes of the branch lines as necessary. Documentation indicates that calculations were conducted back to the floor control valve assembly of each floor where system pressures were previously known. Fire alarm and voice communication systems were installed in accordance with NFPA 72 and the BCNYC requirements within each tenant space, again to maintain minimum spacing from relocated walls. Although documentation does not exist for each project, an egress analysis was generally performed to verify that travel distances and other means of egress requirements in the BCNYC were not exceeded. Providing exit and emergency lighting within the tenant space, which was required by the BCNYC, was also included in the tenant alteration project. The system modifications were submitted to the Port Authority of New York and New Jersey (PANYNJ or Port Authority) for approval or were approved using the self-certification process established by the PANYNJ. Tenant Construction Review Manuals, provided by the PANYNJ Engineering Department, were used for establishing minimum design criteria and design details.
Whenever work was done in the WTC buildings, a project number was assigned by the Port Authority under which all contracts, drawings, and correspondence was filed. These numbers are typically of the format W(yy)-1234 (where yy is the year initiated and 1234 is a four-digit number). This report includes 2
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these numbers as references to individual projects, and files retained by the Port Authority are identified by these numbers.
STRUCTURAL FRAMING
Most of the structural modifications were done to accommodate tenant requirements. These generally involved strengthening the horizontal members of the floor framing system due to increased loading from high-density files (see Table 3 -1 in Chapter 3). Strengthening of the beams and girders was achieved by welding cover plates to the bottom flanges and/or to the underside of the top flanges. In some cases, deficiencies were remedied by introducing a new beam between existing beams to reduce the tributary load on the deficient beams. In other cases, wide-flange T-sections were welded directly to the underside of deficient girders.
Floor slabs were completely removed on the east side of the building to accommodate the trading floors for Salomon Brothers, Inc., but were subsequently replaced when the trading floors were moved to another location (Cantor 1989) . The only framing members that remained on these floors from the original design were the columns and the girders that were part of the lateral-force-resisting system. The columns, which had twice the unsupported length after the slab removal, were reinforced in this area. Other openings were cut into a few floors to accommodate new stairways connecting adjoining floors. New framing members were introduced where needed.
Web openings were cut through some beams and girders to allow passage of utility ductwork. These openings were typically reinforced with plates. In some cases, an inverted T-section was welded to the bottom flange of the existing beam to increase the capacity of the beam in the area of the opening. Shallow notches were cut in the top and bottom flanges of some of the beams to accommodate ductwork. To make up for lost capacity, plates were introduced just under the top flanges and just above the bottom flanges.
Other minor modifications were made, including the installation of supports for folding partitions.
The remainder of this report identifies the specific major modifications and repairs that were made to the fire protection, life safety, and structural framing systems of WTC 7.
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Chapter 2 MODIFICATIONS TO FIRE PROTECTION AND LIFE SAFETY SYSTEMS
The fire protection and life safety modifications of World Trade Center (WTC) 7 are listed in Table 2-1. Most of the tenant alterations followed the typical business occupancy modification summary previously identified in Chapter 1 of this report. Tenant alterations with additional modifications or modifications that varied from the typical modification summary of Chapter 1 are noted in the last column of Table 2-1. The year and floor location of the alteration are also given to provide a history of the floor or portion thereof. Tenant alteration documentation was not located for all floors, and thus, not every floor is identified in Table 2-1. 1993, 1993, 1993, 1993, 1994, 1994 Salomon 
Chapter 3 STRUCTURAL MODIFICATIONS DUE TO TENANT ALTERATIONS
Structural modifications due to tenant alterations are listed in Table 3 -1. Included is a brief description of the work that was performed with respect to the modifications. In most cases, members were reinforced to accommodate floor loads that were greater than the loads for which these members were originally designed.
In all of the cases cited in Table 3 -1, structural calculations were included on the check of the existing structural members and on the design of new structural members. In the documents related to the 1988 modifications, there were comments made by the Tenant Construction Review Unit of the Port Authority of New York and New Jersey (PANYNJ or Port Authority) in regard to the project submittal. Also included were responses from the structural engineer to the Port Authority on these comments. Similar documents are available for the modifications made in 1999 on the 40th floor, which include a copy of the Tenant Construction or Alteration Application that was submitted to the Port Authority on behalf of the tenant. 
Chapter 4 OPENINGS MADE IN FLOOR SLABS
DESCRIPTION OF THE MODIFICATIONS
According to the Base Building modifications (Cantor 1989) for World Trade Center 7, columns 76, 78, 79, 80, and 81 were reinforced with plates that ran from the top of the 39th floor to the underside of the 40th floor due to the removal of the floor slab at the 39th floor. Similarly, column 74 was reinforced with plates that ran from the top of the 43rd floor to the underside of the 44th floor due to the removal of the floor slab at the 43rd floor. These slabs were removed to accommodate the trading floors for Salomon Brothers, Inc. Furthermore, it is stated in the Facility Condition Survey Program report (PANYNJ 1997) , that the 41st and 43rd floor slabs were completely removed on the east side of the building to accommodate the trading floors for Salomon Brothers, Inc. Structural modifications involving openings made in the floor slabs are listed in Table 4 -1. Included is a brief description of the work that was performed with respect to the modifications. 
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Note: Structural calculations on the design of new structural members and on the check of the existing structural members were included for the modification made in 1989 (3rd floor) and 1990.
Chapter 5 MODIFICATIONS MADE TO BEAM WEBS AND FLANGES
Modifications made to beam webs and flanges are summarized in Table 5 -1. Included is a brief description of the work that was performed with respect to the modifications. 
